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Summary

The role of the phagocytic function of monocytes and neutrophils in sepsis
has been poorly investigated. The present study evaluated the impact of the
phagocytic activity of neutrophils and monocytes on the outcome of patients
with severe sepsis. Thirty-one patients and 30 healthy individuals were
enrolled in the study. The phagocytic activity of monocytes and neutrophils
was evaluated during 24 h after admission and the results were correlated to
the expression of CD64 on neutrophils and monocytes, CD14 antigen on
monocytes, the Simplified Acute Physiology Score II and the patients’
survival. A reduced phagocytic activity of neutrophils during the first 24 h
after admission was a negative predictor for survival. Increased expression of
CD64 antigen on polymorphonuclear cells (PMNs) and monocytes was
favourably correlated to the patients’ survival. In multivariate analysis the
phagocytic activity of PMNs was the only independent predictor factor for
survival. Patients with PMN phagocytic activity <37% had lower expression
of CD64 on monocytes and PMNs and worse outcome, while those with
phagocytic activity >37% had higher expression of CD64 on monocytes
and PMNs and better outcome. Reduced phagocytic activity of neutrophils
may represent a state of neutrophil inactivation similar to that previously
described for monocytes during the compensatory anti-inflammatory
response.
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Introduction

Sepsis is a systemic inflammatory syndrome triggered by
viral or bacterial infections classified to the following enti-
ties: sepsis, severe sepsis and septic shock [1].

Recent literature demonstrates that sepsis is characterized
by an initial type-1 cytokine response (systemic inflamma-
tory response syndrome, SIRS) followed by a phase charac-
terized by the production of a mixture of type-1/type 2
cytokines (mixed anti-inflammatory syndrome) and finally
by a phase characterized by the production of type-2 cytok-
ines (compensatory anti-inflammatory response, CARS) [2].
The systemic release of cytokines is responsible for many of
the symptoms noted in these patients but also for the func-
tion of phagocytic cells [3]. The production of inflammatory
cytokines during SIRS has been associated with organ dys-
function and hypoperfusion [4].

The anti-inflammatory response leads to a state of immu-
noparesis considered responsible for life-threatening
secondary infections and increased mortality [5].

The immune changes during CARS are partially mediated
by interleukin (IL)-10 and include functional deactivation of
monocytes that become unable to produce inflammatory
cytokines and also diminished expression of human leuco-
cyte antigen D-related (HLA-DR) on their surface, resulting
in reduced antigen presentation on lymphocytes and
impaired immune responses [4,6,7].

Cytokines representing the phases described for septic
progression have been evaluated for their ability to predict
the outcome of individual patients. It seems that the ratio of
IL-10/tumour necrosis factor (TNF)-a that can distinguish
SIRS from CARS is a better predictor of the final outcome of
patients with sepsis than the measurement of individual
cytokines [8–13].
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Cytokine measurements, however, are not rapidly avail-
able, making them unsuitable in the clinical setting for diag-
nostic purposes. In addition, data from animal models of
sepsis show that administration of anti-TNF-a might be
harmful, while clinical studies show that the use of anti-
TNF-a and anti-IL-1 has not improved the clinical outcome
of septic patients [14,15]. Besides, carriers of the TNFB2
allele are at risk for lethal septic shock after administration of
anti-TNF-a [16]. These data prove that these cytokines are
pleiotropic and their correlation to the sub-group of patients
defined by clinical criteria unclear.

Global markers of systemic inflammation induced by
cytokines, such as C-reactive protein (CRP) and procalcito-
nin (PCT), have been extensively evaluated for their ability to
differentiate sepsis from non-infectious SIRS as well as to
predict outcome [17,18]. Both markers are cheap, easily
available, with high diagnostic sensitivity. Although PCT has
been shown to predict clinical outcome in septic patients, its
expression is cytokine dependent and bound to the limita-
tions applied for the cytokines [18,19].

There are suggestions that biomarkers reflecting directly
the ability of the host to eliminate bacteria alone or in com-
bination with markers of systemic inflammation might be
more relevant to the clinical outcome of patients [3].

Recent evidence indicates that during the pathophysi-
ologic acute inflammatory response there is a transient
increase of CD64 (the high affinity receptor to Fc fragment of
IgG) on polymorphonuclear cells (PMNs) [20,21]. This
expression is induced by binding of bacterial membrane
components such as lipopolysaccharide (LPS) or peptidogly-
can to the monocyte membrane receptor CD14 [22–26], by
cytokines such as IFN-g, granulocyte colony-stimulating
factor (G-CSF) and by IgG and complement opsonized par-
ticles [27–31]. In vitro activation of normal PMNs through
the CD64 receptor results in increased oxidative burst and
phagocytic ability of cells [27,32–34]. Up-regulation of
CD64 receptor on PMNs from non-septic patients receiving
G-CSF is associated with increased phagocytic function,
while in sickle cell patients it enhances adherence to vascular
endothelium [20,35].

It is unclear whether up-regulation of CD64 expression on
PMNs and monocytes in septic patients is associated with
increased phagocytic function. Spitler et al. have shown
that in septic patients’ monocytes with increased CD64
expression demonstrate increased phagocytic activity [11]
while Hirsh et al. have shown that CD64+ monocytes had
reduced phagocytic activity compared with CD64- cells
[36]. Decreased phagocytic activity of PMNs with increased
CD64 expression may interpret the clinical data showing that
high expression of CD64 is associated with adverse clinical
outcome in septic patients [37].

The aim of the present study was to investigate globally
the phagocytic activity in patients with sepsis and evaluate its
prognostic significance for the final outcome. During the
first 24 h patients with severe sepsis were evaluated for: (i)

the phagocytic activity of monocytes and neutrophils by
measuring the ability of phagocytes to ingest Escherichia coli;
(ii) the expression of CD64 antigen on neutrophils and
monocytes; and (iii) the expression of CD14 antigen on
monocytes. Measurements were repeated on the day of
discharge. The findings were correlated to the expression of
CD64 on both neutrophils and monocytes, the CD14
antigen on monocytes and the survival of patients.

Materials and methods

Study populations

The study was performed at Patras University Hospital, in
the Achaia region, southwestern Greece. A longitudinal
analysis of 41 patients with severe sepsis or septic shock
was conducted over a 6-month period of time in the inter-
mediate care unit of the department of medicine. Patients
with trauma, human immunodeficiency virus disease,
renal disease, neutropenia or end stage hepatic disease,
and subjects receiving immunosuppressive agents, were
excluded.

All patients were enrolled within 24 h of the onset of the
sepsis.Thirty healthy individuals similar in age (median age
70·6 years, range 64–77), matched for sex (16 males, 14
females), of the same ethnic background, were also included
as controls. All of them were relatives or friends of hospital-
ized patients.

The study protocol was approved by the University
Hospital Ethics Committee and written informed consent
was obtained from participating patients (or relatives) and
healthy volunteers on enrollment.

The definition of sepsis was based on the presence or
presumed presence of an infection accompanied by a SIRS.
SIRS is defined as the presence of at least two of the following
criteria:

1. Temperature greater than 38°C or less than 36°C.
2. Respiratory rate �20 breath/min or PaCO2 less than 32

Torr.
3. Pulse rate �90 beats/min.
4. WBC count �12 000 or �4000/mm3 or >10% immature

band forms.

Additional requirements for severe sepsis were taken into
account, as it represents a homeostatic imbalance with evi-
dence of organ dysfunction (at least one of the following):

1. Hypotension: systolic blood pressure �90 mmHg;
decrease of 40 mmHg in SBP compared with baseline, or
mean arterial pressure less than 65 mmHg responding to
fluid resuscitation within 1 h.

2. Arterial hypoxemia: partial pressure of arterial oxygen
�75 mmHg without evidence of primary lung disease.

3. Metabolic acidosis: pH �7·3 or base deficit �5 meq/lt
[38].
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4. Renal impairement: urine output �30 ml/h for at least
2 h, unresponsive to fluid replacement or creatinine con-
centration of 3·5 mg/dl or hemodialysis.

5. Altered mental status evaluated through the Glascow
Coma Score [1,38].

6. Disseminated intravascular coagulation: coagulation
abnormalities of recent onset, prothrombin time or aPTT
of 1·2 times the upper normal limit plus D-dimers at
�500 or platelets at �100 000/ml.

7. Respiratory failure: ratio of partial pressure of arterial
oxygen to forced inspiratory oxygen fraction of inspired
oxygen <300.

Septic shock was defined as the presence of sepsis and
refractory hypotension that lasts >1 h despite adequate fluid
resuscitation and pharmacologic intervention with vaso-
pressor agents.

Evidence of illness severity was assessed using the Simpli-
fied Acute Physiology Score II (SAPS II score) on the same
day as blood samples were taken.

To confirm the diagnosis of sepsis, blood or other site
cultures were done for all the patients on the day of admis-
sion, while all patients were screened on a daily basis for the
presence of pathogens by blood and urine cultures and
total peripheral blood leukocyte counts during their
hospitalization. Furthermore, specific diagnostic procedures
(ultrasound, computed tomography scan or gallium scan)
were performed to identify the infection site.

Critically ill patients with septic shock were transferred to
the intensive care unit.

Phagocytic assay

Five ml of peripheral blood were collected in heparinized
tubes for investigating the phagocytic activity of neutrophils
and monocytes. Another EDTA sample was collected for
WBC and flow cytometric analysis of CD14 and CD64
antigens. Samples were collected from all patients on the day
of their admission. A second sample was collected from
patients who survived to the day of discharge.

In vitro phagocytic activity was determined using the
Phagotest kit (Opregen Pharma, Heidelberg, Germany). The
principle of the test is that whole blood is incubated with
opsonised (by complement and immunoglobulin) E. coli
that are labelled by fluorescein (fluorescein isothiocyanate,
FITC). Bacteria are ingested by phagocytes generating a
green fluorescence signal that can be quantified by flow
cytometry [39–41]. The test was performed according to the
manufacturer’s instructions.

Briefly, 100 ml of heparinized whole blood were incubated
for 10 min in an ice bath. Subsequently, 20 ml of pre-cooled
E. coli were added to each tube. After mixing, the control
samples remained in an ice bath and the test samples were
incubated for 10 min at 37°C. Precisely at the end of the
incubation time all samples on one rack were taken out of

the water bath and placed on ice in order to stop
phagocytosis. One hundred ml of ice-cold quenching solu-
tion was added to each sample and mixed well. Samples were
washed twice with 3 ml of washing solution. Subsequently,
whole blood was lysed and fixed by the addition of 2 ml of
lysis solution. After 20 min incubation in 37°C, samples were
washed once and finally incubated for 10 min with 200 ml of
DNA staining solution.

Flow cytometric analysis

Samples were analysed by flow cytometry using a Coulter
EPICS-XL-MCL cytometer, and the data were processed
using the XL-2 software (Coulter, Miami, Florida, USA).

During data acquisition a ‘live’ gate was set in the red
fluorescence histogram on those events that had at least the
same DNA content as a human diploid cell.

The phagocytic ability was evaluated in neutrophils and
monocytes. For that purpose the above population was gated
in the software program in the scatter diagram (FCS versus
SSC) and its green fluorescence histogram (FL1) was
analysed. We collected 10 000–15 000 leucocytes per sample.
The results were expressed as percentage of fluorescent cells
in the total population studied.

Surface immunophenotyping

The percentages and absolute numbers of the peripheral
blood lymphocytes subpopulations were determined by a
dual-colour direct immunofluorescence technique in a
whole blood method, using the following directly conjugated
mouse-antihuman monoclonal antibodies (MoAbs):
CD14-FITC (clone RMO52) and CD-64phycoerythrin(PE)
(clone22) from Immunotech (Marseille, France). After
30-min incubation at 40°C, the red blood cells were lysed
and the white blood cells were fixed with the Multi-Q-
Prepsystem (Coulter, Miami, Florida, USA).The appropriate
isotypic controls were used. At least 10 000 cells from each
sample were analysed by flow-cytometry using a Coulter-
EPICS-XL-MCL cytometer and the data were processed
using the XL-2 software. Results were expressed as percent-
age and mean intense fluorescence (MIF) (Fig. 1).

Statistical analysis

Values were expressed as mean � standard deviation. Some
of the patients’ characteristics were expressed as prevalence
rates.

Demographic data between groups were analysed using c2

with Fischer exact two-tailed P value.
The data were checked with Kolmogorov-Smirnov’s test

and found to be normally distributed; therefore, parametric
tests were used to compare values.

In the analysis of the study results, initial comparisons
between the three groups were performed by one-way
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analysis-of-variance test. When significance arose, a post-
hoc analysis of dyads with the Tukey’s test for multiple com-
parisons was used for pairwise analyses.

Differences in quantitative variables in the same group
were analysed by the paired t-test.

The area under a receiver operating characteristic curve
(ROC) was calculated to predict the survival of the septic
patients. The Youden Index (sensitivity and specificity-1)
was used to identify the best cut-off point. The sensitivity,
specificity, positive predictive value [PPV(%): true positive/
(true positive + false positive)] and negative predictive value
[NPV(%):true negative/(true negative + false negative)] are
reported.

Correlations between variables on septic patients were
evaluated by Pearson’s correlation coefficient value. Stepwise

multiple regression analysis was used to detect which vari-
ables could be predictive factors of the final outcome
(dependent variable) in septic patients.

A P value of <0·05 was considered significant. All the
statistical analyses were performed with spss, version 14·0
software.

Results

Characteristics of the study population

From the 41 patients enrolled in the study, 10 were excluded
from further analysis due to prior antibiotic use, incomplete
sampling or technical failures.

Of the remaining 31 patients, 20 patients survived while
11 patients died during their hospitalization. Twelve patients
(38·7%) developed septic shock within 48 h after their
admission and five of them (41·66%) died, whereas the
remaining seven patients had no other complications during
their hospital stay. Two patients were transferred to the
intensive care unit. One of them survived.

Severe sepsis was the consequence of pneumonia (n = 9),
cholangiitis (n = 5), osteomyelitis (n = 2), urinary tract
infection-pyelonephritis (n = 9) and intra-abdominal infec-
tion (n = 6).

Microorganisms were isolated from a total of 10 patients
(gram negative bacteria, n = 6, gram positive bacteria, n = 4).
The most frequently isolated bacteria were E. coli (n = 3),
Pseudomonas aeruginosa (n = 2), Staphylococcus aureus
(n = 1) and Staphylococcus epidermidis (n = 3). Other
gram(-) bacteria (Morganella morganii, Enterobacter cloacae,
Klebsiella pneumoniae) were isolated from three patients.

Two patients developed polymicrobial bacteremia (more
than one microorganism responsible for severe sepsis). More
specifically, one patient had positive blood culture results for
E. coli and Ps. aeruginosa while Kl. pneumoniae and Ps.
aeruginosa were isolated from an another patient.

Clinical characteristics did not differ between survivors
and non-survivors. The main patients’ characteristics are
shown in Table 1.

Phagocytic activity

The phagocytic activity of PMNs on the day of admission
was significantly reduced in patients with severe sepsis who
did not survive compared with the healthy individuals
(P = 0·0001). In contrast, the phagocytic activity of PMN of
patients who survived did not differ from that of the healthy
individuals (Fig. 2).

The phagocytic activity of monocytes on the day of
admission was similar between the two groups of patients
and the healthy controls. These data are shown in Table 2.

In surviving patients the phagocytic activity of PMNs and
monocytes remained similar on the day of admission and
discharge. These data are shown in Table 3.
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Fig. 1. A representative fluorescence activated cell sorter experiment

showing histograms comparing isotype controls with the expression

of CD14 and CD64 antigens in monocytes (a–d) and the expression

of CD64 in PMNs (e, f) in a survivor patient at the day of admission.

MIF, mean intense fluorencence.
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Table 1. Characteristics of patients enrolled in the study.

Characteristics

Survivors

n = 20

Non-survivors

n = 11 P-value*

Age (years) 79 (39–96)** 80 (72–89)** n.s†

Sex (males/females) 12/8 4/7

Simplified Acute Physiology Score II‡ 45·6 � 16·57 54·60 � 9·87 n.s†

No. (%) with gram (-) infection 2 (10%) 4 (36·36%) n.s

No. (%) with gram (+) infection 2 (10%) 2 (18·18%) n.s

No. (%) with hypoxemia§ 5 (25%) 4 (36·36%) n.s

No. (%) with respiratory failure¶ 0 3 (27·27%) n.s

No. (%) with renal impairment†† 8 (40%) 5 (45·45%) n.s

No. (%) with disseminated intravascular coagulation‡‡ 10 (50%) 7 (63·6%) n.s

Days of hospitalization 11·58 � 6 8·6 � 6·2 n.s†

*Fischer exact two-tailed P-value for the comparison of proportions. **Median (range). †Unpaired t-test was used for the comparison between the

survivors and non-survivors. n.s., not significant. ‡Score on admission. §PaO2 � 75 mmHg without evidence of primary lung disease. ¶Ratio of partial

pressure of arterial oxygen to forced inspiratory oxygen fraction of inspired oxygen <300. ††Creatinine concentration of >3·5 mg/dl or hemodialysis or

oliguria of <250 ml/24 h. ‡‡Disseminated intravascular coagulation (disseminated intravascular coagulation) represents prothrombin time or partial

thromboplastin time of �1·2 times the upper normal limit plus d-dimers �500 or platelets �100 000/ml.

Table 2. Receptor expression and phagocytic activity of PMN and monocytes on the day of admission for survivors, non-survivors and controls.

Group Mean � SD P-value*

MIF CD14 on monocytes† Controls 15·56 � 3·13 n.s.

Survivors 16·55 � 8·44

Non-survivors 14·81 � 5·14

MIF CD64 on PMN‡ Controls 0·285 � 0·119

Survivors 3·75 � 2·94 0·0001

Non-survivors 1·08 � 0·68 n.s.

MIF CD64 on monocytes§ Controls 6·70 � 1·84

Survivors 15·92 � 7·39 0·0001

Non-survivors 8·51 � 2·85 n.s.

% Phago PMN¶ Controls 71·86 � 14·17

Survivors 61·48 � 34·81 n.s.

Non-survivors 11·82 � 9·74 0·0001

% Phago monocytes†† Controls 52·45 � 17·16 n.s.

Survivors 50·85 � 20·79

Non-survivors 41·11 � 18·90

The data are expressed as mean � SD. *The post-hoc Tukey test was used to compare controls with survivors and controls with non-survivors.
†Mean fluorescence intensity of monocyte receptor CD14 expression. ‡Mean fluorescence intensity of neutrophils receptor CD64 expression. §Mean

fluorescence intensity of monocytes receptor CD64 expression. ¶Phagocytic activity of neotrophils (percentage). ††Phagocytic activity of monocytes

(percentage). n.s., not statistically significant.

Table 3. Receptor expression and phagocytic activity in survivors on the day of admission and the day of discharge.

Survivors (n = 20)

Day of admission Day of discharge P-value*

MIF CD14 on monocytes† 16·55 � 8·44 17·79 � 5·18 n.s.

MIF CD64 on PMN‡ 3·75 � 2·94 0·48 � 0·31 0·002

MIF CD64 on monocytes§ 15·92 � 7·39 9·35 � 3·45 0·013

% Phago PMN¶ 61·48 � 34·81 67·14 � 33·6 n.s.

% Phago monocytes†† 50·85 � 20·79 59·66 � 19·00 n.s.

Data are expressed as mean � SD. *P-values refer to the comparison between survivors on the day of admission and the day of discharge using paired

t-test. n.s., not significant. †Mean fluorescence intensity of monocyte receptor CD14 expression. ‡Mean fluorescence intensity of neutrophils receptor

CD64 expression. §Mean fluorescence intensity of monocytes receptor CD64 expression. ¶Phagocytic activity of neotrophils (percentage). ††Phagocytic

activity of monocytes (percentage).
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Expression of CD64 antigen on PMNs and monocytes
in patients with severe sepsis

The expression of the CD64 on PMNs and monocytes of
patients with severe sepsis who survived was significantly
increased in comparison with healthy controls (P = 0·0001).
However, the expression of CD64 antigen on PMNs and
monocytes did not differ between non-survivors and healthy
controls (Table 2).

In surviving patients, a significant down-regulation of
CD64 antigen expression was noted both on PMNs and
monocytes on the day of discharge compared with the
admission levels (P < 0·05).

Expression of CD14 antigen on monocytes in patients
with severe sepsis

No statistical significance of CD14 expression on monocytes
was detected between patients and the control group. The
MIF of CD14 antigen on monocytes did not reveal any sta-
tistical significance between survivors and non-survivors.

Correlations

Univariate analysis showed a significant positive correlation
between phagocytic activity of PMNs and expression of
CD64 on monocytes and PMNs on the day of admission

 

Control 
104

512

0

E
v
e

n
ts

64

0

E
v
e

n
ts

S
S

L
O

G
S

S
L

O
G

S
S

L
O

G

103

102

101

100
0 1023 FL1

M1
94·6%

100 101 102 103 104

FL1

M1

86·1%

8

0

E
v
e

n
ts

M1

65·4%

100 101 102 103 104

128

0

E
v
e

n
ts

FL1

M1
9·9%

100 101 102 103 104

16

0

E
v
e

n
ts

FL1

M1

57·2%

100 101 102 103 104

FL1
100 101 102 103 104

32

0

E
v
e

n
ts

FL1

M1

80·6%

100 101 102 103 104

FS

R1

R2

104

103

102

101

100
0 1023

FS

R1

R2

104

103

102

101

100
0 1023

FS

R1

R2

Survivor 

Gated on R1 Gated on R2 

Gated on R1 Gated on R2 

Non-survivor

Gated on R1 Gated on R2 

Fig. 2. A representative fluorescence activated cell sorter experiment showing the phagocytic activity of PMNs (R1) and monocytes (R2) in a

survivor patient (middle), a non-survivor patient (bottom) on the day of admission and a control (top), following incubation for 10 min at 37°C in

the presence of flouroscein-labelled E. coli.

D. D. Danikas et al.

92 © 2008 British Society for Immunology, Clinical and Experimental Immunology, 154: 87–97



(r = 0·466, P = 0·025 and r = 0·518, P = 0·014 respectively).
These data are depicted in Fig. 3.

The expression of CD64 on monocytes was strongly cor-
related with the expression of CD64 on PMNs (Fig. 4).

In addition, the laboratory parameters were correlated to
clinical outcome. Univariate analysis showed a significant
positive correlation between the clinical outcome and the
phagocytic activity of PMNs (r = 0·595, P = 0·001) as well as
between the clinical outcome and the expression of CD64 on
monocytes and PMNs upon admission (r = 0·521, P = 0·009
and r = 0·491, P = 0·015 respectively). No significant corre-
lation was found between the clinical outcome and the

phagocytic activity of monocytes (r = 0·314, P = 0·191).
These findings indicate that increased phagocytic activity
and CD64 expression on phagocytes have a favourable
impact on survival.

Receiver operating characteristic curve analysis of CD64
on monocytes, CD64 on PMNs and phagocytosis of PMNs
showed that phagocytosis of PMNs is the most sensitive
predictor of survival in severe sepsis. These data are shown in
Table 4.

Simplified Acute Physiology Score II was evaluated in rela-
tion to all potentially related factors. No correlation was
found between the severity of disease and the phagocytic
activity of monocytes, PMNs and the expression of CD64 on
PMNs upon admission. In contrast, the CD64 expression on
monocytes was strongly correlated with the SAPS II score
(r = -0·665, P = 0·001).

No correlation was found between traditional markers
(CRP, total leucocyte count, absolute neutrophil count and
monocyte count), the severity of disease and the final
outcome. Furthermore, the evaluation of markers men-
tioned above with the phagocytic activity of phagocytes and
the surface expression of CD14 and CD64 did not reveal any
correlation.

The parameters found significant in univariate analysis
were subsequently analysed by stepwise multiple regression
analysis. The phagocytic activity of PMNs was proven to be
the only independent predictor factor for survival in patients
with severe sepsis, responsible for the 46% of variance in the
clinical outcome (P = 0·001).
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Table 4. ROC curve analysis data for CD64 expression on PMNs and monocytes and the phagocytosis of PMNs to predict survival.

Variable AUC P-value Cut-off point Sensitivity (%) Specificity (%) PPV (%) NPV (%)

MIF CD64 on PMNs 0·892 0·002 2·45 60 100 100 53·8

MIF CD64 on monocytes 0·817 0·014 13·9 60 100 100 57

% Phago PMNs 0·889 0·001 36·1 72·2 100 100 67

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.
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Discussion

The present study evaluated the impact of the phagocytic
activity of PMN and monocytes on the outcome of patients
with severe sepsis. A reduced phagocytic activity of neutro-
phils during the first 24 h after admission was a negative
predictor for survival. In contrast, the phagocytic activity of
patients’ monocytes did not differ from that of normal con-
trols and did not correlate to the final outcome.

The expression of CD64 antigen on monocytes and PMN
was found increased in all patients during the first 24 h after
admission compared with controls. The increased expression
of CD64 on both populations correlated favourably to
survival. The phagocytic activity of neutrophils was strongly
correlated to the expression of CD64 on monocytes and
PMN, proving the close biological significance between these
parameters. ROC analysis showed that the phagocytic activ-
ity of neutrophils is a more sensitive predictor of patients’
survival at 28 days compared with CD64 expression on
monocytes and neutrophils. In multivariate analysis the
phagocytic activity of PMN was the only independent prog-
nostic factor for the clinical outcome of patients. These data
collectively show that the increased capacity of PMN to kill
bacteria and eliminate the aetiological factor of sepsis has a
favourable impact on the survival of patients with severe
sepsis.

The role of the effector function of neutrophils in sepsis
has been poorly investigated. There are data showing that
neutrophil adherence and transmigration are impaired in
septic patients while in contrast production of reactive
oxygen species is increased [42–44]. Hirsh et al. have previ-
ously shown that the phagocytic activity of neutrophils and
monocytes is decreased in septic patients compared with
controls. They have also demonstrated that in these patients
the CD64+ monocytes have lower phagocytic ability than
CD64- monocytes while the phagocytic ability of CD64+
PMN does not differ from that of CD64- PMN. In contrast,
in the subgroup of patients with sepsis and ARDS the phago-
cytic activity was significantly reduced in CD64+ PMN com-
pared with CD64- PMN.

Interestingly, our results show that patients with severe
sepsis could be divided into two subgroups: those with
decreased PMN phagocytic activity, lower levels of CD64
expression on PMNs and worse outcome and those with
normal PMN phagocytic activity, higher levels of CD64
expression on PMNs and better outcome. This profile is
difficult to interpret. Low PMN phagocytic function might
represent a state of neutrophil deactivation similarly to the
way that diminished HLA-DR expression on monocytes rep-
resents a state of monocytic deactivation in septic patients.
Hirsh et al. have also suggested that the unresponsiveness of
neutrophils noted in their study in patients with ARDS
might be due to ‘exhaustion’ of cells by continuous stimula-
tion by systemic cytokines or to a deregulation of intracel-
lular signal pathways initiated by CD64 activation [36].

Ex vivo experiments have shown that down-regulation of
HLA-DR expression on monocytes is mediated in septic
patients by IL-10 and cortisol while clinical studies have
correlated HLA-DR expression to IL-10 levels [6,7,13,45,46].
Many clinical studies have demonstrated that low HLA-DR
expression on monocytes is predictive of mortality in these
patients [7,44,47–49]. These data confirm the value of
HLA-DR expression as a marker of CARS. Studies investi-
gating the mechanisms underlying the deactivation of
monocytes have shown that anti-inflammatory cytokines
down-regulate the expression of HLA-DR antigen and
decrease the production of pro-inflammatory cytokines in
response to Toll-like receptor agonists (e.g. LPS) but not in
response to whole bacteria [50,51]. Based on these findings
investigators have suggested that during CARS in sepsis there
is a reprogramming of leucocytes and not a true state of
immunoparesis.

The experiments in the above studies have been per-
formed after separation of mononuclear cells, therefore their
results are not applied to neutrophils. The technique used in
our study investigates phagocytosis of opsonized E. coli in
whole blood and therefore can simultaneously evaluate both
monocytes and neutrophils with minimal manipulations.
Our results confirmed that monocytes of septic patients
respond normally to whole bacteria. They also demonstrated
that patients with severe sepsis can be subdivided into two
groups based on the response of neutrophils to whole
bacteria. Whether this distinction corresponds to different
clinical phases of sepsis and whether impaired neutrophil
phagocytosis is another manifestation of CARS are questions
that can not be answered by our findings but deserve further
investigations.

Alternatively, reduced PMN phagocytic activity of neutro-
phils might be due to genetic polymorphisms either of Fc
receptors or C3 complement receptor. There is evidence that
some polymorphisms of low affinity Fc receptors, FcRIIa,
FcRIIIa and FcRIIIb, reduce their affinity and specifity to IgG
[52]. It has been shown that PMNs of homozygous FcRIIa
-R/R131 donors internalize IgG2 opsonized meningocci less
than PMNs from FcRIIa -H/H131 donors and that individu-
als with the former polymorphism have increased suscepti-
bility to meningococcal disease [53,54].

Many clinical studies have shown the sensitivity and
specificity of CD64 expression on PMN for the diagnosis of
sepsis compared with global markers of inflammation such
as CRP and PCT and measurement of individual cytokines
[55–57]. Even more, there are reports showing that the
PMN CD64 expression distinguishes the clinical stages of
sepsis (i.e sepsis, severe sepsis and septic shock) [37]. In
contrast, the data on its predictive value are few. Livaditis
et al. have recently shown that the increased CD64 neutro-
phil expression is adversely correlated to the outcome of
patients with sepsis [37]. Muller et al., evaluating the
prognostic value of a wide range of markers reflecting
different stages of priming, adhesion and activation of
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monocytes and neutrophils, have shown that overall
increase in the expression of markers of neutrophil and
monocyte activation is related to favourable outcome in
septic patients. The only exception was the expression of
CD64, which was increased in the non-survivors and
reduced in the survivors [47]. Recently, Song et al. have
shown that increased neutrophil CD64 expression correlates
to 28-day mortality of patients with disseminated intravas-
cular coagulation, including patients with sepsis [56]. Our
findings, in contrast to the above studies, show that
increased PMNs expression is associated with a favourable
outcome for patients with severe sepsis. This discrepancy
might be due to differences in the study population, as the
other studies included all subgroups of patients while we
enrolled only patients with severe sepsis. However, it can
also be due to the kinetics of CD64 antigen expression on
PMNs that is induced by the pro-inflammatory cytokines,
but its expression might persist during the compensatory
phase of the anti-inflammatory response. In normal indi-
viduals CD64 antigen expression on PMNs increases
rapidly, in 4 h, after administration of a single injection of
G-CSF and returns to baseline levels in 5 days, while after
IFN-g it returns to baseline levels in 7 days [28,35].
Although CD64 expression has been proven to be induced
on monocytes by IL-10, this has not been demonstrated
for neutrophils, therefore it can not be argued that its
expression is stimulated directly by anti-inflammatory
cytokines [58].

The data on the kinetics of CD64 expression on PMNs
indicate that its prognostic significance might be compro-
mised by its relatively long persistence and that its combina-
tion with other markers such as HLA-DR might improve its
performance.

The present study demonstrated that reduced PMNs
phagocytosis upon admission is a negative predictor of sur-
vival of patients with severe sepsis. It is unclear whether this
functional impairment of PMNs represents a state of func-
tional deactivation and whether this is a manifestation of
CARS. The use of a combination of markers at diagnosis of
septic patients, including PMNs CD64 expression, HLA-DR
expression on monocytes and phagocytic function of PMNs,
would lead to better classification of patients and more
accurate prediction, and would help in the use of targeted
treatments.
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